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Introdu^&o e Desrn^So do Si sterna 



Este rnanual e destinado a t^cnicoSf engenheiros e repr esent ant es 
autorizados pel a T.tl, X— PORTUGAL como urn gu.ia para a reparasa*o 
d o C o m p u t a d o r p ess o a ! T C 2 0 4 B , 

Considera~se que para este rfei.tu y as pessoas que irSc. desempe- 
nhar esse funf'ao y ten ham a ! guns c onhec :i. merit os de e ! ec t r oniea e 
per vent ura a I gum a fxper i §nc i a na r epar as So tie Mi cr ocomputador es 

0 manual reiere espec i a f men t e os ISSUE 4E: e 5A, mas contki into- 
r niafSeE sobv e os pv i. ntei r os Boar' ds a~si m c omo urn hi st ov :i a I sob re 
a s p r i n c i p a i s m o d i f i c a £ ft e s i. m p I e m e n t a d a si; d e s d e c. p r i m e 3. r o I S S U E 

U TC 2048 e urn Mi c r oc omput ad or c u.j as c ar acttri" isticas tec ni ca = 
t or am sub st anc: ::. a i mant e nv:: ! hor ad as obt en do ass i u. urn a nova per - 
r or inari c e c ornp ar at i yam en t e c om out r os mi c r oc ompu.t ad or es da sua 
gania, por exemp I o o Zx SPECTRUM. 

Urn a. das inovacb'es em Hardware* e a ut i I i z a* - ao da urna nova tec no- 
I ogi a de RAM ■ S de 1£.|< por 4 Bits a I i men t ad as apenas por uma t en 

~sao de +5 v'o Its, i st o i mp ! i c: a uma r edus ao no n6mer o de I C- S (23 
para assim c-omo o con sumo de cor rente e a dessipac^o de 

ca ! or - se tor nam menores.. 

□ utra das nov:i dades e a i nc or por ac So de urn F''0RT para Joys- :i c I: 
uma sakla de v'IDEO para monitores Monoc r omat i c os .. bem como uma 
me I hor i a na qua ! i dade e vo I ume de SON.. Possui si nda urn 
interruptor POWER ON /OFF com o respective. LED indicador . 

Este mi cr ocomputador e constituido por urn 7.30 de B bits a 3,5MHZ 
de Clock, uma SOLD que gera. o RGB-SYNC, para Video F control e de 
Tec I ado, t v lu I t i p I ex a gem e Seleccao das Mem6rias e os PORTS TAPE 
d e en t r a d a. s er i e ( EAR ) e s aids ( M I C ) c o m o s i na I i n c ! u i d o 
bem como uma ROM de 1SK e 4SK de RAM. 

U t ec I ado e do tip o r Igid o c o n sti t u i d o p o r u m c i r cuit o i in press o 
onde esta imp I ementado a mat r i z do tec I ado* sen do os contactos 
efectuados por pas-til has de borracha condutora. A i nt er I i gac«(o 
do tec I ado e feita at raves de urn "Flat-Cable" a "Mather Board". 



Organ i z aca"o da Mem or i a 

uiuanto i organizacao da memoriae os primeiros l&K ( endere^o 
0000-3fff 'J est&o ocLtpacios pel a ROM (ICS) que con tern o programa 
Mon i t or .. 

Est e mi cr o „ est a pr e par ado para I evar d i ver sos t :i. pes de ROM (NEC 
HITACHI, GI a EPRQM 27123) sendo se I ec c i onadas atraves dos jump- 
ers LKl „ „ „ LL7 que se en con tram situados no I ado direito . 

Os sequi nt es 1 6i( de mem or :i a ( ender ec o 4000-7FFFF ) sa'o ut i I iza 

-dos pe ! os IC 3 , 7„ Do ender eco :! 6384 a 22528 ocupam uma parte de 
memor i b dest i nacios par a o Di sp I ay Fi I e . 

For ti 1 t :i. mo t emos o b anc o de 32K de RAM ender es a S000-FFFF ) 

ocupados pelos IC B ; 9 f 10 f 1L Na vers^o de ISSUE o" P o banco de 
32K e ocupado pelos ICS e ICS (41464 on 41254) e a POM passa a 
ser uma EPFDM 27128. 

Ds IC13 e IC3 4 far em parte da organizaij^o dos 32K de Memoria 
s%i.o aiTibos Mu I ti p I exer * s de 8 I nput s para 4 Outputs na'o i nverso- 
r es . 
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Circuito de Ai i merit a$:&o 



□ C i. r c u. i t o de A ! i m e n t a £ a' o , t e rri a n c o r p o r a d o u ri'i Regu I ad o r d e 
7ens'ao " 7B05 " , se-n do o c omp orient e pr i nc i pa 1 , uma vez que a I i - 
men t a o c omput ad or" c orn u.nia t ens^o est abel ] z ad a de +5 Vo I 1 5; .. 

Est a t ensao est a pr ot egi da c ont r a c urto c i r c ui tos . 

0 Lircuito de A ! i merit ac&o, a! em do Regulador de Tens'ao e cons- 
tituido por urn outro circuito que iornece os -+-12 Volts para o 
ci rcuito de Cb'r , e peio circuito dos -5 Volts e 12Volts AC, 

a 9 or a desc r ever o func 1 on amen t o do c i r >:: u :i, t o de a 1 i men t a- 

c ao ., 

Corno at r as J a f o :: men c i on ado » o regu. I ad or de t eris&o ( 7805 ) re- 

□ Liz p t en sao de en t r ad a 1 + 9VDC '} p ar a +5 VDC . A mesma t ens&o 
proveniente da fonte de a i i mentacao exterior ( Jack i >, ali- 
ments o circuito ''" oscilador. ei evador de tens'ao "? constitui- 
do peio trans for- mad or "LI'S C21, R51,52, e Q:U 

0 transistor C.U ,■ entra em corte e saturacBo* devido ao condensa- 

□ or C21 - tendo as r es i st en c :i. as f:Z- :!. - o2 y c omo t un £0 de lim:itar 
a t en sao de base do t r an si st or , Urn a •••• que o c: i r c ui t o se err 
c ont r a a osc i ! ar , a t en sao em " LI " e el evada para 1 4 VAC* i ndo 
cli rectamente para o Edge Connector * e ao rnesmo tempo all merit a 
o circuito de 1 2 VDC, e -5 VDC. 

Mo circuito de + 12 VDC, const i tui do peios diodos Dl 1 , 12, 13, 14, 
IS. e o conclensador e I ec t r o I 5. t i c o C22, a tens&'o 14 VAC? e rec- 
ti ficads pelos di odos D:l. 1 , 12, sendo depois estabel izada peio 
d i odo z enner de 12 Vo I t s ~D 1 B— , e peio c on den sad or C22 « 

Esta tens'So e clirigida depois para o circuito de Co'r at raves da 
resist-iJncia R48, que tern como fun^So I i mi tar e proteger os 12V 
par a o c 1 r cui to a que se destins. Est a tens'ao t ambem e di r i gi- 
d a para o E d g e C o n n e c t o r ., 

A extra c $■ & o d o s - 5 Volts, e f e i t a a t r a v e s do condensa d o r C 2 3 
que recebe a tensSo nsto estabeiizada de 14 VAC e invertea em 
reiaca'o &. massa., Por sua vez , esta tensa'o e recti, fi cada e es- 
tabe!izada pelos diodos D15 P 16 e pe! o condensador C24„ Esta 
t en sao t ai -se pa^ sar pe I a r esi st enc i a I i mi t ad or a R53 ? sendo 
estabeiizada a -5 Volts atraves do componente sequinte ? que e 
urn Cenner de 5V 1 -Dlr-„ 

Not a:: 

Nos c oti";put ad or es 7C2048 I ssue 5p e;-:i.5te urn circuito ad j ac en t e 
ao circuito dos -5'v7 que tern como fu.nce;o melhorar o tratamento 
do s^na! no civcuito de EAR,, Este circuito e c onst i t u. i do pelos 
componentes R21c22 e CI53 que reduzem e estabelizsm a ten sao de 
- I2V pars - 700 Mi I i volts. 
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En i modes nor ma is cle funcionamento? o civcuito "oscilador el evad- 
or" funciona a Lima f r equ.&nc i a de 49,8 KHZ. 

Sempr e que e ! i gaclo urn per i f er i c o no Edge Con nee t or c om o Compu- 
tador ! igado? existe sempre Lima sobre carga no circuito de 12V 
AC* obrigandu por i sso Lima passagein de cor rente excessiva no 
t r an si st or obr i gando- o a en t r ar em r ot nr a - 

Urn a vez que i sto acontece, o c oiTiput ad or dei xa de ter Cor e exis- 
t e a Li sen c i a d as t en so'es de - 5'-- ; e J 2 VAC no Edge Con nect or „ 

Ac on t ec e p or em •■ o t r ans i st or se enc on t r ar a osc i I ar e n'So haver 
os e 12 '-'ottsv sen do assim ver i f i qu.e o diodo ::enner D1S e os 
diodos Dl:U 12.. 1C„ 

Quando estantos na aLtseric:ia dos -5\-V e o pr :i. mei v o ciicLiito se en- 
contra a oscilar y veri fiqu.e o diodo tenner 5V1 -Dl9~v e o dio- 
do l' ! : o . 
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F unc i undfiiento e Caracteribtica? da Power Supply TC 2048 



A ForrU de A I i merit a* ao exterior ao Comput ador r e consti tuida por 

um Trans for mad or com as car act er 1 st i cas aba: xo descr 1 1 as, por 

quatro diodos ( IN 4001 ) . que recti ficam a iensao AC para DC 

e per doi s c on den sad or es e i ec t r o ! it i c 05 de 4700LJF/ 1 £V que es- 
tabi i izam t v SLtprimem o Reaple da tenslo recti ficada. 

Caracter Istica e d ci "I" r' a n e I o r m a d o r :; 

Input — 202 VAC — 50 HZ — 

□ut Pat - 8.5 VDC a 800 Miiiamperea com Lim a tensao de pico de 
y Volts- e tens£io nd n 1 m a de vaie B Volts. 

I ri put — 2 2 0 V a C - S Ci H 2 - - 

DutPut - 9.5 VDC a 800 Mi i i amper as com urn a t erss-: de pico de 
10 Voits.. e tensao minx ma oe va i e y Volts. 

Input — 23S VAC - — 50 HZ — 

Out Put - 1 0 , 5 VDC a 500 Mi I i amperes com urn a tensao de pico de 
12 Vol tss e tensao minima de val e 10 Vol ts. 
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Circui to de Cor 



0 circuito cie c 5r e base-ado no funcionan'iento do IC12 CMC377- Co- 
dificador R.G.B - PAL/NTSO- sendo este urn dos component e-s 
p v i n c i p a i s d o c :i. r c u i t o ,. 

A L) L A C SC L D ) L) 2 f g e r a q u a t r o s i n a i s i m p o r t a n tes p a r a que s e 
possa ter : br ? sendo R<-G r B e o Bins! de S:i. ncroni. ibivid Com- 

post o ■■. Si ncroni smo de Quadro e bincroni 5 mo de L;i nha ~ F requSn 
-c;'s. de 1C625K'NZ + 50HZ ') ~ 

Co IV; a p v esernr a dt-st-ss qu at r os si na:i. s rios p :i. nos 2 P 3 .■ ■-! ? C do 1 C 1 2 
ob t srnoE o s i r, a ! d e video a sai da d o d i no S do mesmo .. - st e- si n~ 
a i Compost o £■ por sua vez at en U ado pe ! a ma I ha R44, 45 e 1 nser i - 
□o di r ec t ament e na entrada do Modul ador UHP (Standard Puropeu 
Canal 36) que depois- :; r a permi 1 1 r -nos a vi sua ! i:a>t no Teif — 
visor a CoT ou. a Pr et o /Br anc o ., 

Est a c omb i naaa'o f produz urn a reso! uf : 3o de 24 Lin has por 32 Carac- 
teres com a :i nc I usso das oito cores ( Pre-to y Am! f Vermel ho 
Magenta? Verde* Cyan.. Amarelo e Branco) , 

0 f v IC j 37"? ■ tern Lima saida ( Pi no 20 ') que define a Fr eq uenc i a do 
E-au f unci onamento ( 50/bOHZ )' f assim coriio o Crista! Xi ( Crjs- 
t a I da Co' v > ; - t ambem var i a de va ! or e on soan+ a o Si st ema a ut i - 
! :i. z ar :: 



Preaue-ncis da Rede 



50HZ Mao i eva Shunt en; L.K2 

60 HZ L. e v a Shunt e m L K 2 



Ei i 3 1 e m a a. D p e r a r :; 



PAL M Crist 

PAL N 

PAL E/B 

NTSC 



XI 3.5756611 MH: 
" 3.5B20 MHZ 
4.43161.9 MHZ 
3.579545 MHZ 



— MC 1377 — 



TlNO A/5 



JAfAl 




MoJe - son 



9moX 



twr. sv 
Tl JS.6ZSKMZ 
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CotiT. Z 



Two 3.45 



7?*/e 6 



Tmo9 



Two 17 



5v 




5v 



^ Z.OU.KMZ 



?*- ZKHZ 



6£OmY 

T- 4.43 M/iz 



Two Zo 



3.8V 



t-lV 



P*g.8 



BIMTOMr 



ANALJSE 



LUCAL. DA AVAR I A 



■ Ausenci a de SCREEN 

■ t:. r : r an c on-. " Ch u va " 



-FYequericia no Modulador 
Desajustada CAjuste na 
Bobin* com o auxl !io de 
'- h a v * sp r o priada) 
-Ausencia de a I i ivient a* %o 
no Modulador <: + 5 Y 0 t4- = 
-R44.R45 fem abfrto/ 

a I ter ado. 
~Veri f irar os sinai s no- 

Pinos 2 r 3 P 4, 5 de U12. 
-Ause-ncia de si nai n 

? de U12.. 
-Ausenci a de si n = " 
no i" 1 de U12. 



va I or 



p- 'J - 

no pj- 



Modu ! ad or 



£4 3* P. Sup 



MC 1377 



be v an r n\v 1 n t er f er 



-Veri - r i ::av os diodos 01 t 
-Ve>-i f i car R48 



-I r h 



- cr 'an corn - .~ ir s __ 

cur a en- lovir^nto 
V*rti ca I „ 



^ eri Hear o S diodos TVi 1 ' 

"^nficar se o transistu- 
-a encontra a osc j | 3r , i 
-Veri ficar LI. 



Ecran Escuro corn Lo~ 
gotipo nSo V'isivel . 

Ecran Escuro com 

F~a! ta de Sincronismo 



Veri ficar o sina! de > 
Sincronismo a sal da de U2 ! 



ar ob si nai s nos 1 
pi nos 2, ByS, IS de U12. ' 



-Veri f ic. 



u: 



U12 



Ausencia de BRIGHT 



verificar os si nai s R/G /£■: 1 

& saida de U2. i 

-Veri ficar 03 diodos D'^irn - 

Q3 '"i 

*ri ficar sal das de U1G .< 

om a noma I i a . _ 



■-U 



U2 - 

U12 - 

Li 1G - 
U2 - 



Ausenc:, a Total da 



L,Or 



"veri i icar a tensao -+■ 12V 

" a 1 avar i ado 

-Ausencia de R/G/'B 

-Veri ficar C32.C33 

-L2 em Aberto 

-Veri ficar C42, 43,45,46 



>wi cthi nq 
- XI - 

-U12 - 
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-Ver i f i c ar C35 




! 


-U12 - 


A us #nc: i a Jas Cor es 


—KoO ein Aberto / Va i 


ci r A 1 






II.. 1 .. /I !..... . _ | | .. _ 

v ^ r u ^ / v i fi i ^ ! 1 i ■_■ 


r ado. 








Magenta., 


— U12 Avar i ado 
~U2 Avar i ado 




1 


- U2 - 


Aus^ncia das Cores 


-~Ver i f i c ar C36 e F 
— Ui 2 Avar i ado 


29 


! 


-U12 - 

M 


Cyan / A mar -a I o/E^r an c o 


— U2 Avar i ado 




! 


- U2 - 


riUBsncj a cas Lot es 


vri' i f i c ar CC 7 -a r 

-U 1 2 Avar i. ado 


■~ 


! 


-Li 12 - 

1 E 


A - u ! /Meg* n ta/Br a n c o 


-U2 Avar i ado 




1 


- Li 2 - 




— LJ com va i or a 1 t 


^/.-.- - t r| f 


r,! i i 




C o I li n a c. b c ti r a n o 


*?fn r-ib e r L uin 




! 


-U12 - 


iz.c r an 










Ec v an d:i, v- i di do em 


~C43 c orn va 1 cir a 1 t. 


e r a d c 


on : 


~U12 - 


C o r e s: Verde / V e r m e I Pi o 



eiYi nb e>" t o ■■ 




i 

' 




tc r an c om I rnp o s x f so 


-V-ari fi car o Bina! 





a ! 


__ „. 

- U2 - 


d a L.."or Az Li 1 ., 


sslda de U2. 




! 














fc.c r an c om I rnp os i >; So 


TZ""T7~3 7 7T7n a 7 


Pj „ 


■a \ 




das cores Vermel ho e 


salda de U2, 




! 




Nag en t a « 










Ec r an c orn I mp os i f So 


- v er i f ic ar o s i n a 1 


-E- 


a ! 


- U2 - 


da Cur Amarel a„ 


sal da de 112* 








Ec r an com Br i 1 ho 


— D 9 e m R li p t u. r a 








I n t en so 











Pig. 10 



■l re li i to de VJ d 



0 circuit© de Video #. c onst i t ui do pel,-, T r«n«1 -t.r r-v-i 
r dor Electro, Ictico C25 * pel a r es :,. ^ ,n c ^a " 

" Tr, S lV n T^--T-l C '" a r" t . 0 d ° circuito ' b asel r ;- se na extract, 

d ; " pit u, p =; ' p :l: i d !,:; , T' ac : a d ^ od ^^ <^> atr av t£ 

- -contra ' „, o f ! ^ / ^ => ^..t: ^ - — ^ qLls 

transistor, nSo e ,,a, s " do n^"^^..- ^'f""" - A T^'- ^ 

S T' ]d0 ^ ^' )esac opo i ado e, DC atra, te "do r ",, r! T^^..,,. ^ "* 1 
^tenuaao pels resist^ri, p iQ --^-'l l.^, ~ 

UT ^'' e '-'-".-.parar com a r ig . abai xo d^.rrU,, 

^^ ni Muatro - ,st, t, P o a V ;;r; t 

r * !ta dt ^^-n^n.a^o C-^y, no Collet or ri* pv 
*us*ncia d* Sinai Vid.o Compost* na P S _~V "' : , 
~" h ^'^^tor Qz en; !-. ri;-, r 

!.4- Condenser C25 con, valor altevado ou con, d.fato Ir ,t, rno 
Not a: Duando estarnoa ,, a aus-ncxa de Banal na Base de D?. t,a m b* m 

p: r ;! " T 39 ? "-° T *'* vi *°r> < Consult* a descr^o e 
' umlj una metric, do Uircuito de Cor ). 




E s t r u t u r a d o T e i a d o 



A estr u.t ur a do tec: I ado def i ne-se numa Mat r i z cle Di t o par Ci nc o. 
□s oi t o pon t os da mat r i z y enc on t r arii-se I i gados a 8 d i od os CD i <■ - 

a DB 3 que por sua vez estSo contctacloa as S linhas de Adrt-ss 

Bus C AS, . . . A 1 5 ) u 
us rest antes 5 pontos cla n'iatn.2 I igam di r ec t arnent e a SCLD U2 nos 

p i n o s 3 s . 4*5* £ e 4 3 „ 



! C. Shi ft 
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! 0 



.nt er 



D5 



D7 



KBO 



N 



K B 1 



<B2 



! S„ Shi ft 



KB 3 



KB 4 



Dl,.,„Da - 
KBly . . . KB 4 



A DRESS BUSS 
SCLD C U2 > 
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SI NT Oh'! A ANAL I ZE LOCAL DA AVAR I A 



Di f i cu 1 dade r 

c i a par a que 

t r St O £-! "i t 1" £- , 


a te- 
a i n s — ! 


Ver i f i que 
t a c t o c| u. e 
i i- 1 d i. c. i. o s > 


d e 
le 


Qy: i da* 


ar c oru ! 

'ii .~. 1 




-ia de Contac 
d a t ec 1 a em 
us a CP CEO . 


Fa 1 ha nas t ec 





ver :i f i que 
D o d o D 1 







d 0 1 


Fi 


::*dos j 0 a 
1 ha DN'2 


Fa l ha nas tec 
A .... G 




Ver :i. f i que 
Di oao D2 


a 


J Uri'i. 







[ i 


Fa! ha nas tec 
Q ..... 1" 





v e r i f i q u. e 
Di odo 133 


a 


Jun<;: ac 


do 






Fa 1 ha nas tec 
1 , . . . 5 




v e r i f :i q u. & 
Di odo D4 




J'ui'"nf 


d O 




l ^ 


Fal ha nas tec 

bj...O 


1 as 


Ver i f i que 
Diodo D5 


a 


Juntfi'Mc" 


do 




1 1 


Fa 1 ha nas t ec 
Y T m „ _ p 





Ver i f i que 
Diodo DS 


a 


J' un 5: V,c 


d O 






Fa ! ha nas t e<: 
hh Fn i-'=»r- 




Ver i f i que 
Diodo D7 




vlu.n 'f. ??.c 


do 




t; 


Fa 1 ha nas tec 
Br... Spac e 


1 


13 i. o Ci o D B 












F al ha n a s t e 
pertenc en t es 
B 1 oco de 2 Cc 


a u m 
j 1 anas 


1 SCLD Avar 


i ac 


Ja 








f Fa i ha em t ec 
A 1 ternadas 


as 


! Ver i f i que 
! F 1 at -Cab 1 


e i 


Contac 


to do 

h a. s 


Fi 
Fi 


chs CN2 
cha Tec I ado 
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Teste d o & a n c o d e Me n i 6 r i a d e 3 2 K 



-. .t; ~ ™ ™ rr: : 



Quando se iiga o TC2048 " Power Dn " , este mi c r ocomput ador po~ 
ssui u.ma c ar an: t ev I si; i c a ao In :i. c i a i i z ar T que nos e possi ve I i den 

- 1 i f i c a r a t r a v e s d a s i m a g e n s s u c: e s s :i. v e i s n o E c r a m do T e i e v i. s o r 
on Men i t or f at; e que sur ga o r espec t i vo Loqot j po " Si n el ai r Re— 
search * . * „ " .. 

Pois est a c ar ac: t er i s t :i c a est a no tempo da suceEi^a'o das imagens 

a pr i me j. v a e m-...: v &p a. cla que a seqund a „ 
3-- o TC2048 possuo r urn a 5vs.fi a no Eianc o de 32K v e dose;! ve I ser 
detectada por dues nianei. v at. A pv i meif a e pelo Tempo cia j n :l c :!. a ™ 
i i :a£c?G como jh foi menc i onado ; . e a sequnda a partir do RAM--TOP 
da memor i a „ 

E:--e !Vi p 1 o r 1 1 ■ s t r o d Liz? a s: e g u i r> t e i n s 1 r u '-±r ,-, 

PPI NT PEEK 23732 4 2136 :t PEEK 237-33 
0 V:?. I or obt i do t er a de ser 65535 c or v ^?pondent e ao a I t i mo 
endereeo de MemAr i s va ! :l da., 

5e o valor otrcioo tor diferente^ s :;. g m. 1' :L ■:,. a. qu- e no enderecc> se- 
guinte onde =e encontra a PALHA,, Deste modo pode-ee i dent i f :; c ar 
qua 1 das Ram" s do b I oc o de 32K se enc cmtr a a var i ad a „ 

Exempio:; 3e o valor obt i do for 32767., sign] fics gue todo o bloco 
de 32K se encontra i noper ac: i ona I devido a existencia de urn en- 
d e r ■ e e o r, a o r e c o n h e c i d o n a p r :i m e i r a R a m U 9 p o s s u idora d o s qu.tr o 
Bits Men os Si gn i fie at i. vos » 

Assim para det er mi nar a ! oc a ! i z a* ao do erro execute as seguintes 
f unc -des s 

POKE 3276EU85 : PRINT PEEK 3276S 
POKE 32768 P 170 s PRINT PEEK 3276S 

hie os v a 1 or es obt i dos n'a'.o c or r espon dem a. Ei5 e 1 70 F c onsu i t e a ta 

- b e i a a b a i x o d e s c r i t a „ 



DATA " 80 " 


DATA 




BIT ERRADO ! 


RAM 


A' 


'AF: I ADA 








i 


< 4 9 :i. 5 1 




>^49151 


34 




1 7 1 


0 ! 












163 


;! i 


39 




Lil 1 


81 




:'. 7 4 


■~ ! 












:i 63 










69 




1 36 


4 








l i 7 






! 


Li 3 




U 1 0 






A. 3 


6 : 












4 2 


■-: ; 
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Anal :i se e Reper as. "&o do TC 204S 



Quando o TC204S e iigado (Power On), tie e^eeuta em directo o 
C i e I o de I n i c i. a ! i z a s a" o e s c r e v e n d o a in e n sage in " 19 8 2 S x n c I a i r 
Resear c h . 

0 cielo compile- Be de tres partes que sSo as seguintesi 

1- Ubt'em-se no Ecrarri!.. urn Paper eseu.ro com barras alternadas de 
f-,2 u i e ver ini- i ho „ 

2- 0 Paper f i gu.r a-se de urn a c or esc: u.r a que se e^che gr adua I merit e 
com bar rs.E ver t i c ai s , \ agendo o CLEAR do ec. ram segumte. 

D Paper e o Border' fi cam da mea-ma cor CBranco) apar ec ^-ncio a 
Mensagern escrita no Ecram,, 
Quando o e omputador se enc on tr a avar i ado, ger a I merit e f i c a b I oque 
-ado no pi" i mei r o ou segundo Paper nunc a chegando a c omp I et ar o 
ciclo devido a Lima falha no BUS de DADOS, BUB de ENDERE CDS ou 
nas I inhas de Com an do ( S:i st em a , CPU ou Bus). 
A s fig l.i r a s a b a i o d e s e r i t a s f a c i I i t a m a o r e p a r a ci o r o m o d o m a i = 
rapido de ci'it-Gar ao i oc =? I da avari a. 
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b.qui pafnent o Nt-cess&rio par a a Rep ar ao do TC 2048 

Para se pr oc edev a r epar a* So do TC 2048 : . e nec essar i o di spor-Ee 
do s e g li inte u< a. t e r i a I ; 

1— Fonte de A I i merit a* a'o ( Power Supp I y 204S '? .. 

2— I eviisor a Cores, 

3— lion i t or lion oc r ornat :!. c o 

4 - Use i i osc 6p i o de 20 MH2 ( ou super i or ) de Dup i o Tv b.<z: o c: on'i 
Pont as de Ft ova #10. 

5- Mul t! metro de prefer5?ncia Digital ( 3? 1/2 Dlqitos ) 

B— Fer r o de So ! d ar e Per r o d e Desso I dsr pr ep ar ad os c oir fun- 
c :i. on anient o Ant :!. —Est at i c o ,. 

7- Lei t or /Br avador de Cassetes., 

B- Cabos de Liga* r ao t TV Monitor, Ear/Mic >, 

9- Eprom de Teste TC 2048 „ 

10- Ferr anienta Miniatura ( Al icate de Cor t e , Pont as? etc,. „ „ ) 
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— A3 — 



— A4 — 
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A7 



II llll! Mill 



II Hill Hill 
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SCLC 
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5 figuras desc r i t as cleterrfiinam o inodo de posi c i on amen t o dos 
Jumper's para os di versos tipos ( Fabricantes ) de Rom a serem 
Lit i I irados no TC 2048,. 



PStg.26 



JUMPER TC 2048 (Issue 4) 



ROM HITACHI -61- —AM I — 



w4 

O O 

W1 



y/3 



LY.C 

O O 



ROM NEC 



o 
o- 



o 
-o 



o 



■o 



■o 



ROM - EPRQM- 



O 



JUMPER TC 2048 (Issue 5> 



RDM HITACHI -GI- -AMI — 



W2 



w4 



o- 



O 



O 
O 



O 
-O 



O L * 7 



O 



o- 



o 



o 



o 
o 



ROM NEC 
w4 

^ O 0 

o o 

o o LKi 

o o L * 6 

o o LK7 



ROM - ERR DM- 



Iks- 



O 
O 

o 
o 



wi 



-O 

J if? 
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TESTE FINAL. COM " EPROM DE TESTE " 

OBJECT I VO: 

Test ar a Tunc i ona i i dade do Comput ador TC 2048 
EQU I P AMEN TO NECESSAR I D : 

I n t e r f a c e c o m EPROM d e Teste C T E 9410/03 ) 

Televisor a Cores C Deve estar de acordo corn o tipo de codi- 
f i c aca'o de cor e f r equine i a da port ador a ut i 1 izada no c ornpu- 
tador ) 

l v l o n :i. t o r rn o n o c r o rn a t i c o 
Fonte de A I :i. menta.£'&o TC204S 
Joystic k 

Cassette d o p r o g r a rn a ' 1 Load □ K " C T E - 9 3 0 0 / 0 1 / x x ) 
br a. v a dor 

Vui met r o CFi g „ :i. ) ou Ci r c ui to Detector ( F .i g,2) 
METDDG DE TESTE;: 



Jntroduzi r o Interface no EDGE CONNECTOR do computsdor 
Ligar o cabo de "TV" e "Monitor" aos respectivos apareihos 
Li ga r a h o n t e d e A i i rn e n t a. « 1 o 

SINAIS DE CQNTROLE E ESCRITA NO Edge Connectors 

Ap6s ter~se ligado o c ompu.t ador (Power ON) ? e caso na'o exis- 
tirern sinais de escrita? aps.re-ce- no ecran a seauinte rnensa- 
gem " Verifique os sinais de control de e?..-rita no EDGE 

CONNECTOR ". 

Caso contrferior na'o aparece nenhuroa mensagem no ecran e pa- 
ssa ao t est e segui nt e ,, 

TESTE DE CORn 

A p a r«ce n o e c r a n u m c o n j u n t o d e r i s c a s c o I o r i d a s e rn d li * s 
tonal idades de bri i ho. 

Deve responder a quest ao post a pr ess i on an do na tec I a " S " 
para c o n t i n u a r u 

TESTE DE SAVE s 



Lib serve urn conjunto de rise as de cor "Azul" e "Vermel ha" 
d e s 1 iz a n d o no s e n t i d o I -i o r i z o n t a I de b a i x ,-, para c i m a d o e c r a n 
Verifigue se o indie ador de nlvel atinge o va I or correcto 
ou o led do circuito detector permanece aceso durante o 
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TESTE DE SOM: 



S&o gerados urn conjunto de not as musicals distintas uiuas das 
out r as , 

Ncfo deve ex i stir distort So no soru. 

Para r epet i r o teste- pressi one a tec la " R " . 

Para pr ossegui r o teste? press! one a tec I a "S". 

S - TESTE DO TECLADO; 

Sur g i r a no ec r an ? ll in c: ori j unto de c ar ac t er es v epr esent ando o 
c b d i g o d e c a d a tec! a * per t e n c ente a o tec I a d o .= D e v e r a a p a g a ~ 
~! os tendo para i=so de pressionar a tec ! a cor respondent ey 
c orite$. ando pe I a t ec ! a "l" e depoi e sequenc i a i men t e n 

9 - TESTE DE RAM E ROMs 

Apar ec e no t e I evi sor urn a susses 5=10 de ec r an s c orn c or es a I ea~ 
tori as? nam deter mi nado espa^o de tempo F aparecendo no f:i. rn a 
mensagem:; " Este TC2048 tern 43K de merrier i a " 

" Rom QK " 

Case o c ornput ad or t en It a a noma I 1 as no b anc o de memor i a ou na 

F: o m v a p a r e c e a s e g u i n t e rn e n sage rn s ' ' F a 1 h a na R a rn 1 ' j 
i hou" „ 



TESTE DO SCLDs 

Aparece durante a I guns segundos na. zona do border? urna seque" 
-nc i a de pequenas rise as pr etas acornpanhadas de soni. Ap6s es- 
te per i odo de tempoj a men sag em i ndic at i va de "test e do SCLD 
" to ma di versos formates. 

A mensagem que deve aparecer no ecran no fim do teste es 
" SCLD QK " . 

TESTE DO JOYSTICK: 

Deve sur g i r n o ec r an a s e g u inte m ensage m : 

CI MA 

ESOUERDA DIREITA 
EAIXO 

Com o Joystick inserido na respectiva ficha. deve aceder a 
cads li m a d a s i n s t r u >i ft e s . 

TESTE DO LOAD: 

Ligue o caho do gravador ao Jack EAR do comput ador , e 
pressione a tec 1 a PLAY do gravador. 

Apos o programa estar carregadoy surge no ecran a mensagem 
"LOAD OK". 



S e o c o m put ad or p a s s a r a t o d o s testes a t r k s descritos, entato 

encontra-se " APROVADO ■ 

Deve des I i gar pr i rnex r o a a i i rnent a^&o, e depoi s t odos out r os 
per i f er i c os . 
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lid . 



UK;. 

i:n. 



I! 3 . 
VK i . 



£>. 

7. 

S. 

5. 

10. 

II . 



12 . 
21. 
24. 
31. 

37 . 

3; t . 



40. AS. 

41. 4<J. 
43. 



30. 



33. 
34. 
35. 
36. 
56. 
5 7 . 



60. 
M . 
u2 . 
03. 



3. 
4 . 
50. 
51. 
52. 



12. 
27. 
28. 
31 . 
32. 
JJ. 



:u>. 

37. 

jf-;. 

39 
40. 
<t J . 



44. 

45. 



47. 
.11 . 



26. 



3U. 



50. 



]0. 
3 1. 
13 . 
14- 



17. 

IB. 

i y . 

20. 
21. 



D9. 

D10. 
D20. 



17 



] 1. 
12. 
13. 
14. 
IB. 
19. 



IE. 
It. 



C2. 
Q3. 



Q5. 



01 . 



Modulator (MM) 

Fich; 9 pin. Jcvst . (C:;3) 

Chock. (L2) 



,1? (MIC) XI (4.433019) 
J3 (EAR) X2 (J4.000) 
J 4 (VI dec) 
C'.;2 (reclado) 



CM (td;;e Connector) 



J] (Ai.in:r.r.ta^ao) 
1.3 (Cliack) 

LI ("Ii-ai-.ffonr.aaor DC/i!C) 
Slo (Ir.LcrrunLor O:\70FV.l 
1 n ] C ^D) 
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Parts List TC204B Issue 02 
Resi st en c i as 

Res.. 100R ;: 1/4W :: + /-57.: CF :*: R45,51 

Res„ 220R s 1/4W + /-57.E CF R54 

Res. 270R s 1 /4w ; CF vi: R36, 44" 

RtfS. 470R 1 /4W : +/~-57:: CF £ Rj.3-20? R28-30 

Res. S80R ii 1/4W : +/~57; CF * R23,35,37,50 

Res,, IK s 1/4W : H-/-57.: 
Res., IK 5 :: 1/4W + /-■■- 5 Z ;: 

Res. 2K2 s 1 /4W + /-57.S CF * R22,47,52,53 

Res- 4K7 s 1/4W +/-57.S CF * R25,27,55 

Res . 5K 1 : 1 / 4W : •+■ / -5/1 2 CF * R26 

Res. 6KB : 1/4W s +/-57-S CF * R33 

Res,, 1 OK s 1/4W : -i~/~57;: CF * R i R5- 1 2 T 2 1 , 33 , 40 , R56-S3 

Res. 331: : 1 /4W s +/-5Xk CF R24, 42 

*: R4G 

1- R4 1 

Res 1 00 K i: 1/4W c +/-S7.; CF * R39 

F : e s .. 2 1' 0 1 < k :l / 4 Uj s + / - 5 % k CF R 4 



CF R3, 31 ,32,65 

CF R2 



Res. 471: s 1/4W : +/~57.:: CF 



1/4W s +/-57.S CF 
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Parts List TC2048 Issue 02 
Condensadoi' es 

Cap, i&Pf J! 50V: Cer - Ax„ * C33 

Cap,, 47Pf ;; 50V s + /--5X;: Cer „ Ax„ C34,45 

Cap. 220Pf : 50V: +B07.-207.sCfrr . Ax. :t C31,32 

Cap. ll\|f 50V s +307-207s Cer „ Ax. C26 

Cap . lONf s 50V: +807.-207-: Cer „ Ax. # C29 ,41, 44 , 46 

Cap., 47Nf : 50 V:; +807-20/::: Cer „ Ax„ # CIS, 27 , 48 

Cap. lOONf : 50V : + 307-207:: Cer „ Ax., :t CI ,3-14, IS, 20, 2S ■ 30, 33, 42 

022,47,52,53 

Cap. i.Uf : 16V: +507- 107.: El „ Ax. * C23, 24, 49 

Cap. 4.7Uf:25V:+507.-107.:EI . Ax„ C53 

Cap. 22Ufs 16V:+50":-107*eEI . Ax., * CI 9, 2 1 r 35 , 37 

Cap . 1 00U f : 1 6V : + 757.- 1 07 : E I „ Ax. * C 1 7 , 22 , 33 , 47 

Cap, lOOUf: 1 OV: +757.-1 07. s E I , Ax. *. C25 
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Farts List fl_;204B Issue 02 
Diodos 







Di odo:: 1N4001 C 1 . OA ) 


- D 1 1 v 1 2 ■■ 14 


Di odo: 1N4148 


* Di-10 ? 13, 15? la v 17 f 20,21 


Diodo Zeriner: 12V 


t D 1 e 


D i u ci o 2 n i "i r s 5 V 1 


# D 1 9 


Tr an? 




Transi stor 2N 2222 


t- G!2 T 6 


Iran si stor * ZTX 750 




Transistor- ZTX 313 


* £13, 5 


Transi stor . ZTX 450 


* D4 
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Parts List TC204S Issue 02 
Ci r eui t os I ntegrados 
IC, 280 A (CPU) t Ul 



ICy MC1377N 




U12 


IC, 74LS157 




U13y 14 


ICy D2312SC (RDM) 


:t 


U3 


ICy 7S05 Vol t„ Reg,. (+5V> 


■-i- 
-+■ 


VR1 


I C , 4 4 16-1 5 N L li o s I) y n a lit i c R 


:ani $ 


Ub-1 1 


ICy 74LS245 


:t 


U4 


ICy 74L.S244 




U5 


IC r 74LS32 


:4: 


U 16 


_-«„__._„ 

Cr istal . 1 4MH Z Met a 1 Typ e 


„ 

Cr istai 


X2 


Cr i st a i .. 4 „ 436 1 9 MH Z Met a 1 


Type# 


XI 


M 


iscel I an 


ecus 


Jack, Right Angle RCA VIDEO 


* 


J4 


LED... Red P40 (Sanyo) 




LD1 


M o d ulador, UHF T a y u d / E U 36 
UHF Astec/UM 123 


3F36 


MD1 


Boc ket y Di 1 40 ways (Si ng 1 e 


Cont ac t 




* U 1 


Socket. Di 1 28 ways (Singl e 


Cont ac t 


* U3 


Conhy Fi ex Cab 1 e 14 ways (Fa 


rt'i a i e ) 


* CM2 


Conn , Joy st i c k 9 Pi n ( Ma 1 e ) 


# 


CN3 


S c> c k e t P o w e r , + 9 V 




Jl 


Jack, Mini Phone (MIC/EAR) 




J 2 , 3 



Tr ansfor mador DC/DC LI 



Coil: 22UH : +/-57. : Ax. * L2 



■IC ?r>-i r < } s^iv. 3/-', 
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Parts List 73404d Issue 03/04 

: ™ ::~ rj~ ™ ~z ^ ^ ™ ~:: i~ ^ rr: ™ ^ :z: ™ ™ :~~ : 



Cap .. 


IGF'f 




0/ :; 


Or 


f- . . 


$ C23 


Cap n 


4 7F'f :: 


50V :; 




Cer 


.. Av: 


:l: C34 


Cap , 


220Pf 


500 


-• 3:;.- 200 ;; 


Cer 


/-. . . 

.i r-i 


•! 331 , 32 


Cap t 


1 N f : 


500 ;; 






.i :~\ 


:t 323 r 20? 


Cap r 


1 ONf k 


500; 


-i- SO - 20% s 


Cer 


,. A; 


;4: 341 , 44 v 43 


Cap 


47 Mf 


500 :: 


■■'•■30----20% :: 


2-ar 


.. r-l 


:i: 3 :; 3 ... 27, 49 


Cap, 


J 00 Mf s 


500 


+80- 20% r 


Crf-T 


,. >~i >■ 


:4: 2 1 T 23- 1 4 v 1 3 .. 20 , 23: ,. 30 <■ 3 ?■ , 4 2 



Cap , 
Cap ,. 
Cap « 



lUf i: 50V= + 75- 10%;: El ,. Ax 
22Uf ;; ISO;; +50- 1 0% El .Ax 
:!. 00 Li t ISO;; 4-75-1 0%;; El .. A x 



:i: C43 ¥ 52 

•!■■ C23v 24 v 43 

# CIS, 21 v 35-37 

* 317,22, 25, 3E3 



™:: ::::: :-: ^: ~: *u:: 



Diodo f IN 4143 
Diodo, IN 4 143 
D:iodcu IN 4001 C 1 „ A 
D i o d o I e- 1 "i i j r f 1 2 0 
Di odo : r : - 5.1 0 



: r::: ™: ™. s:: -n; ™: - ^- — ~:: ~ -:: ™: --: 

D;i O&OE- 

£ D 1 - 1 0 v 1 3 , 15, 13 



p 4- a saeriib i s3: en, ~ a r a I 1 o-~ 
* 13 3 1 2: t 1 4- 

•!■ 2 1 2 

2:: 7 , i 'if; 
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List TC204B T 



TV arc si £t or e-s 



Iran si stor * 
TV an si st or .■ 
1" r a n e i b t o r ... 



Q2- fa 
Q4 



ZTX 750 



"r arc si stor » ZTX 4b0 



• Cv zaOA (CPU) 



U i 2 



IC, 74L5157 . 

IC, D2312BC (ROM) 

IC, 7805 Volt. Reg. C-I-5V) 

I C i 4 4 1 £ - 1 5 N L M □ S D y i i a m i c R a m 

IC- 4416-2 ONL l v !CB Dynamic Raivi 

IC, 74LC245 



VR 1 
Ub ? 7 
US-- 1 1 
Li 4 



:t a 
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Parts List TC2048 Issue 03/04 



1 1 sc e i I an^ous 



Jack? Rj.qnc Ancj! <~ RCA Video 
Jac k y Mi n i Phone ( EAR f M IC ) # 
Di I 40 Ways ( Single Conta 



J 4 

J2 ? 3 
Ul 



:3 Ways C Single Contact 3 # U3 



C o n n Joys 1 1 c k 9 P i n C Male ) * C N 3 

Conn jr Fie.* Cab I e J.4 Ways ( Feina I e ) 'M CN2 

3 o c k e t r P '-' w e r 3 V o I t s # J 1 

Tr ans for mad or y DC / DC "fc L 1 



Coi I , 22UH : : Aa 



* L2 
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TC 20. 'it; - 




Pig. 42 



===== 


: = = = = = _ 








^ = = = = = = = = = = .= :-~:~ = = = = 








F 






Res, 


15R: 


1/4W: + /-57.: 


CF 




R43v 4S 


Res? 


-rcr >-r , 
/ Ji\. 


1/4W: + .'--• 3 7. j 


Uh 


7 







IGOR: 


1/4W: +V-5"/.: 


CF 




K45 ? 3 J. 














R S a 


220R: 


1/4 !,j, .. h/ 5 v.. 


CF 




it' ~j 4 


p. ^ ,_ 


270R: 


1 /4W: +/-5X: 


CF 


■ :-K 


R 4 




470R: 


1/4W;: -h/~57-: 


CF 


■ r- 


R 1 3-20. R28-30 


Res, 


SSOR; 


1/4W: +/™5":: 


— — 


'■'f- 







^ ! ■■' j 

J_ 1 ''. 3 


1/4W :: +/-57_3 


"Tf 


■x 


r-. o ..j i. ? 34 v 3 b 


kes f 


1K5: 


■; /4i.j ;; i- 


Z'F 




R2 


Res, 
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3.0 Z-3C CPU PIN DESCRIPTION 



The Z-SQ CPU is p^k.ii;eJ in an industry standard 40 pin Dual In- Line Package. The I/O pins are shown 
in. figure 3.0- 1 and trie function of each is described below. 



SI-STEM / 
CGrJTROL 




Z-80 PIN CONFIGURATION 
FIGURE 3.0-1 



V A 15 
(Address Bus) 



D 0" D 7 
(Data Bus) 

"I 

(Machine Cycle one) 



MREQ 

(Memory Request) 



Tri-state output, active high. Aq-A^ constitute a 1 6-bit address bus. The 
address bus provides the address for memory (up co 64K bytes) data 
exchanges and for I/O device data exchanges. I/O addressing uses the S lower 
address bits to allow the user to directly select up to 256 input or 256 output 
ports. Aq is the least significant address bit. During refresh time, the lower 
7 bits contain a valid refresh address. 

Tri-state input/output, active high. DQ-D7 constitute an S-bit bidirectional 
data bus. The data bus is used for data exchanges with memory and I/O 
devices. 

Output, active low. M | indicates that the current machine cycle is the OP 
code fetch cycle of an instruction execution. Note that during execution 
of 2-byte op-codes. Ml is generated as each op code byte is fetched. These 
two byte op -codes always begin with CBH, DDH, EDH or FDH. Ml also 
occurs with IORQ to indicate an interrupt acknowledge cycie. 

Tri-state output, active low. The memory request signal indicates that the 
address bus holds a valid address for a memory read or memory write 
operation. 
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10RQ Tri-siate output, active low. The IORQ signal indicates that the lower half of 

(Input/Outpin Request) the add icss bus holds a valid I/O addiess/ur a i/O read 01 write upeiatiuii. An 
IORQ signal is also generated Willi an M 1 signal when an interrupt is beinsi 
acknowledged to indicate that an interrupt response vector can be placed on 
the data bus. Interrupt Acknowledge operations occur during Mj time whale 
I/O operations never occur during time. 

Rt) Tri-state output, active low. R[) indicate; rhat ihe CPU wants to read data 

(Memoty Read) from memory or an I/O device. The addressed I/O device or memory should 

use this signal to gate data onto the CPU data bus. 

WR Tri-state output, active low. WR indicates that the CPU data bus huids valid 

(Memory Write) data to be stored in the addressed memory or I/O device. 



RFSH Output, active tow. RFSH indicates that the lower 7 bins of" the address 



(.Refresh) bus contain a refresh address for dynamic memories and the curium MREQ 

signal should be used ~o do a refrcin read to all dvnumic memories. 



HALT Output, active low. HALT indicates that the CPU has executed a HALT soft- 

(Halt state) ware instruction ana is awaiting either a nun maskable or a maskable inter- 

rupt (with the mask enabled) before operation can resume. While halted, the 
CPU executes NOP's to maintain memory refresh activity. 



WAIT Input, active low. WAIT indicates to the Z-80 CPU that the addressed 

(Wait) memory or I/O devices are not ready for a data transfer. The CPU continues 

to enter wait states for as long as this signal is active. This signal allows 
memory or I/O devices of any speed to be synchronized to the CPU. 



INT Input, active low. The Interrupt Request signal is generated by i/O devices. A 

(Interrupt Request) request will be honored at the end of the current instruction if the internal 

s oftware controlled interrupt enable Hip-Hop (IFF) is enabled and if the 
BUSRQ sig nal is no t active. When the CPU accepts the interrupt, an acknowl- 
edge signal ( IORQ during M [ time) is sent out at the beginning of the next 
instruction cycle. The CPU can respond to an interrupt in three different 
modes that are described in detail in section 5.4 (CPU Control Instructions). 



NMl Input, negative edge triggered. The non maskable interrupt request line has 3 

(Non Maskable higher priority than INT and is always recognized at the end of the cur rent 

Interrupt) instruction, independent of the status of the interrupt enable Hip- slop. NMl 

automatically forces the Z-SO CPU to restart to location 000614. Tne program 
counter is automatically saved in the external stack so that the user can return 
to the program that was interrupted. Note that continu ous W'Al T cycles can 
p reven t the current instruction from ending, and that a BUSRQ will override 
a NMl. 
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RESET Input , active low. RESET forces !fie program counter to zero and initializes 

the CPU. The CPU initialization includes: 

1) Disable the interrupt enable flip-Hop 

2) Set Register I = 00 H 

3) Set Register R = OOjj 

4) Set Interrupt Mode 0 

During reset time, the address bus and data bus go to a high impedance state 
and all control output signals go to the inactive state. 



BUSRQ Input, active low. The bus request signal is used to request the CPU address 

(Bus Request) bus, data bus and tri-state output '."mtrol signals to go to a high im pedance 

state so that other devices can control these buses. When BUSRQ is activated 
the CPU will set these buses to a high impedance state as soon as the current 
CPU machine cycle is terminated. 



BLISAK Output, active low. Bus acknowledge is used to indicate to the requesting 

(Bus Acknowledge) device 'hat the CPU address bus. data bus and tri-state control bus signals 

have been set to their high impedance state and the external device csn now 

control these signals. 



Single phase TTL level dock which requires only a 330 ohm pull-up resistor 
to +5 volts to meet all clock requirements. 



4.0 CPU TIMING 



The Z-80 CPU executes instructions by stepping through a very precise set of a few basic operations. 
These include: 

Memory read or write 
I/O device read or wrue 
Iruetrupt acknowledge 

All instructions ;ire merelv a series of these basic operations. Ench of these basic operations can take from 
three to six clock periods to complete or they can be lengthened to synchronize the CPU to the speed of 
external devi L es. 1 lie banc clock period'-; are referred to as T cycles and the basic operations are referred to 
as M ( for machine) cycles. Figure 4.0-0' illustrates how a typical instruction will be merely a series of 
specific M and T cycles. Notice that this instruction consists of three machine cycles f\l I, M2 and M3). The 
first machine cycle of any instruction is a fetch cycle which is four, five or six T cycles long (unless length- 
ened bv the wait signal which will be fully described in the next section). The fetch cycle (Ml) is used to 
fetch the OP code of the next instruction to be executed. Subsequent machine cycles move data between 
the CPU and memory or I/O devices and they may have anywhere from three to five T cycles (again they 
may be lengthened by wait states to synchroni/.e the external devices to the CPU). The following para- 
graphs describe the timing which occurs within any of the basic machine cycles. In section 7, the exact 
timing for each instruction is specified. 




Ml 


M3 


M3 


(OP Coiie Fsictil 


(Memory Read! 


IMimory Wn«» 




Inilruction Cycle 





BASIC CPU TIMING EXAMPLE 
FIGURE 4.0-0 



All CPU timing can be broken down into a few very simple timing diagrams as shown in figure 4.0-! 
through 4.0-7. These diagrams show the following basic operations with and without wait states (wait states 
are added to synchronize the CPU to slow memory or i/O devices). 



4.0-1 . Instruction OP code fetch (M 1 cycle! 

4.0-2. Memory data read or write cycles 

4.0-3. I/O read or write cycles 

4.0-1. Bus Request/Acknowledge Cycle 

4.0-5. Interrupt Request/ Acknowledge Cycle 

4.0-O. Non maskable Interrupt Request/ Acknowledge Cycle 

4.0-7. Exit from a HALT instruction 



INSTRUCTION FETCH 



_ Figure 4.0-1 shows the timing during an M I cycle (OP code fetch). Notice thai (he PC is placed on the 
address bus at the beginning of the M 1 cycle. One half dock time later the MRtQ signal goes active At this 
time the address to the memory has had time to stabilize so that the falling edue ofMRFQ can be used 
directly as a chip enable clock to dynamic memories. The RD ime also goes active to indicate that the 
memory read data should be enabled onto the CPU data bus The CPU samples the data from the memory on 
the data bus with the r.s.ng edge of the clock of state T3 and this same edge is ««d by the CPU to turn off 

J rf M , KQ S ' g ^ IS - the data h3S alread y bcen b y «he CPU before thekD signal becomes 

inactive. Clock state T3 and T4 ot a fetch cycle are used to refresh dynamic memories (The CPU uses this 
time to decode and execute the fetched instruction so that no other operation could be perform-d at this 
time During 1 3 and 14 the lower 7 bits of the address bus contain a memory refresh address and the RFSH 
signal becomes active to indicate that a refresh read of all dynamic memories shuuld be accomplished Not.ce 
that a RD signal ,s not generated during refresh time to prevent data from different memory segments from 
bemg gated onto the data bus. The MRFQ signal during refresh time should be used to perform a refresh read 
ot all memory ■elements. The_retresh Signal can not be used by itself smce the refresh address ,s only guaran- 
teed to be stable during MRF.Q time. 5 




INSTRUCTION OP CODE FETCH 
FIGURE 4.0-1 



Figure 4.0-1 A illustrates how the fetch cycle is d elayed if the memorv activates the WAIT line Dur- 
ing T2 and every subsequent Tw, the CPU samples the WAIT line with the falling edge of* If the WATT 
line is active at this time, another wait state will be entered during the following cvcle. Using this technique 
the read cycle can be lengthened to match the access time of any type of memory device 
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Ml Cycl«- 




INSTRUCTION OP CODE FETCH WITH WAIT STATES 
FIGURE 4.0-1A 



MEMORY READ OR WRITE 

Figure 4.0-2 illustrates the timing of memory read or write cycles other than an OP code fetch (M 1 
cycle). These cycles are g enerally three clock periods long unless w ait states are requested by the memory 
via ihe WAIT signal. The MRE Q sign al and the RD signal are used the same as in the fetch cycle. In the case 
of a memory write cycle, the MREQ also becomes active when the address bus is stable so that it can be 
used directly as a chip enable for dynamic memories. The WR Hue is active when data on the data bus is 
stable so that it c an b e used directly as a R.'W pulse to virtually any type of semiconductor memory. 
Furthermore ihe WR signal goes inactive one half! state before the address and data bus contents are 
changed so that the overlap requirements for virtually any type of semiconductor memory type will be met. 



-Memory flead Cydt 



Memory Write Cycle 
I 



memohv irjrm 



MEMORY ADOR 



□ ATA BUS 
(OQ- 071 



TTwJ j ( j data our w~) 



MEMORY READ OR WRITE CYCLES 
FIGURE 4.0-2 




Figure 4.0-2A illustrates how a WAIT request signal will lengthen any memory read or write opera- 
tion. This operation is identical to thai previously described for a fetch cycle. Notice in litis figure thai a 
separate read and a separate write cycle are shown in the same figure although read and write cycles can 
never occur simultaneously. 



_! — \ f — \ ( \ ( \ ( i 




□ ATA 90S 
(DO - 071 



MEMORY READ OR WRITE CYCLES WITH WAIT STATES 
FIGURE 4.0-2A 



INPUT OR OUTPUT CYCLES 



Figure 4.0-3 illustrates an I/O read or I/O write operation. Notice that during I/O operations a single 
wai t state is automatically inserted. The reason for this is t hat dur ing I/O operations, the time from when 
the iORQ signal goes active until the CPU must sample the WAIT line is very short and without this extra 
state sufficient time does not exist for an I/O port to decode its address and activate the WAIT line if a wait 
is required. Also, without this wait state it is diffi cult to design MOS I/O devices that can operate at full 
CPU_speed. During this wait state time the WAIT request signal is sampled. During a read I/O operation, 
the RD line is used to en able the addressed port onto the data bus just as in the case of amemory read. For 
I/O write operations, the WR line is used as a dock to the I/O port, again with sufficient overlap timing 
automatically provided so that the rising edge may be used as a data clock. 



Figure 4.0-3A illustrates how additional wait states may be added with the WAIT line. The operation 
is identical to that previously described. 



BUS REQUEST/ACKNOWLEDGE CYCLE 



Figure 4.0-t dlustrates the timing for a Bus Request/ Acknowledge cycle. The BUSRQ s ignal is 
sampled by the CPU with :he rising edge of the iast clock period of any machine cycle. If the BUSRQ 
signal is active, the CPU will set its address, data and tri-state control signals to the high impedance state 
with the rising edge of the next clock pulse. At that time any external device can control the buses to 
transfer data between memory and I/O devices. (This is generally known as Direct Memory Access [DMA] 
using cycle stealing). The maximum time for 'he CPU to respond to a bus request is the length of a machine 
cycle and the external controller can maintain control of the bus for as many clock cycles as is desired. 
Note, however, that if very long DMA cycles are used, and dynamic memories are being used, the external 
controller must also perform the refresh function. This situation only occurs if very large blocks of data are 
transferred unde r DM A co ntrol .Also note that during a bus request cycle, the CPU cannot be interrupted 
by either a NM1 or an INT signal 
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INPUT OR OUTPUT CYCLES 
FIGURE 4.0-3 
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INPUT OR OUTPUT CYCLES YHJH WAIT STATES 
FIGURE 4.0-3A 



* Automatically inserted WAIT state 
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BUS REQUEST /ACKNOWLEDGE CYCLE 
FIGURE 4.0-4 



INTERRUPT REQUEST/ACKNOWLEDGE CYCLE 

Figure 4.0-5 Illustrates the timing associated with an interrupt cycle. The interrupt signal (INT) is 
sampled by the CPU with the rising edge of the last clock at the end of any instruction. The signal will not be 
accepted if the internal CPU software controlled interrupt enable flip-flop is not set or if the BUSRQ signal 
is active. When the signal is accepted a speci al M 1 cy cle is generated. During this special M 1 cycle the IORQ 
;:gna! becomes active (instead of the normal MREQ ) to indicate that the interrupting device can place an 
3-bit vector on the data bus. Notice that two wait states are automatically added to this cycle. These states 
are added so that a ripple priority interrupt scheme can be easily implemented. The two wait states allow 
sufficient time for the ripple signals to stabilize and identify which I/O device must insert the response 
vector. Refer to section 8.0 for details on how the interrupt response vector is utilized by the CPU. 



_ Lm M Cycle _ 
af Initructian 



~K REFRESH 



.L. 



WAir 
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1NTERRUPT REQUEST/ACKNOWLEDGE CYCLE 
FIGURE 4.0-5 
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Figures 4.0-5A and 4.0-5B illustrate how a programmable cminter can be used to extend interrupt 
acknowledge time. (Configured as shown to add one wait stale) 




EXTENDING INTERRUPT ACKNOWLEDGE TIME WITH WAIT STATE 
FIGURE 4.0-5A 



LAST I STATE OF 
LAST M CVCL.E OF 
INSTRUCTION 



AUTOMATIC WAI r 



"\ r 



USER WAIT 



"\ / \ / 



1 



.NORMAL ACKNOWLEDGE 
TIME 



ACKNOWLEDGE TIME WITH OWE 
ADDITIONAL WAIT STATE 



REQUEST/ACKNOWLEDGE CYCLE WITH OWE ADDITIONAL WAIT STATE 
FIGURE 4.0-5B 



17 



NON MASKABLE INTERRUPT RESPONSE 



Figure 4.0-6 illustrates ihe request/acknowledge cycle for the non maskable interrupt. Tins signal is 
dimpled at ihe same Imic as Hie interrupt lint;, but tlm lino h;is priority over tile normal interrupt and it c: 
not be disabled under software control. Its usual function is to provide immediate response to important 
signals such as an impending power failure. The CPU response to 3 non maskable interrupt , s similar to a 
normal memory, read operation. The only difference being that ihe .ur.ient ui the data bus is iguur.d Mu\ 
Ihe processor automatically stores the PC in the external srack and iumos to location 0066... The service 
routine for the non maskable interrupt must begin at this location if this interrupt is used. 

HALT EXIT 



Whenever a software halt instruction is executed the CPU beans executing N'OP'i until an interrupt is 
received (either a non maskable or a ma-.kab!e interrupt while the interrupt flic Hup is enable') The r w „ 
interrupt lines are sampled with the rising clock edge during each Ti state as shown in figure 4 0- - if a non 
maskable interrupt has been received or a maskable interrupt has been received and the interrupt enaole 
fhp-flop is set, then the halt state will be exited on the next rising dock edge. The following cvde will dwn 
be an interrupt acknowledge cycle corresponding to the type oftnterruDt that was received, If both are 
received at this time, then the non maskable one will be acknowledged since it has highest -rioritv The 
purpose of executing NOP instructions while in the hait state is to keen the memorv refresh .i^'is active 
bach cycle in the halt state is a normal Ml (fetch) cycle except that the data received from the memorv . s 
ignored and a NOP instruction is forced internally to the CPU. The halt acknowledge serial is active during 
this time to indicate that the processor is in the halt state. 
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NON MASKABLE INTERRUPT REQUEST OPERATION 
FIGURE 4.0-6 
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FIGURE 4.0-7 
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NOTES: ■ 

A. Dm ihould be eniWed onio the CPU djti bui ^-hen SC ii : 
ihould be embltd whin STT infl I&'RO ji= ooih icim. 

B. All connul ngnili jie inlermlly lynchronued. 10 ihey may be ml^ly uynchtono 
lo ih e cloc k. 

C. ThefETtT> igtid muii be icti*F for i minimum of 3 dock cydei. 
a Ouipul Deliy o. Loided Cipicilince 

TA ■ 70"C Vcc- -SV 

Add lOnicc delay for each SOpf increase in load up to maximum of :00pf f Dr d ata bm ind lOOof for 
address 4 control linet. 
E. Allhough nine by liiiiei. [tiling guinnleei t^^H) of 2O0u>ec minimum 
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bit words and i.a :.□-?.]))' suited far Ki=r3pra=eosor 
issroary e.^d .ligations. Fabricated with Generel 
instrument K-ChannsI Silicon Esie T e^hno I spy , the 
nD?2^£ provider the sssignei with a high psrfor- 
Kurn^s, easy to us- iOS circuit featuring operation 
f roro s Ein'j].E V'oit. power supply end Idx pD«-;r 
diysisstior.. 
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bit itnglh in the sc.-ory srrrj. AO ic the lacs.- 
sionififrsit. bit L?nd aU the tract significant bit ot" . 
the «ord BOdrnf,;,. 

Chip Selaut 

Chip enable/disable/pa-cr down "f lcxSelect " " '- 
These inputs can be progrsnvrcd during smsk T^brice- 
tion to ifiYplcinsnt vurious ; logic functions whi?.h 
provicr-s the designer with a flexible end tasy 
errant; of . "chip e-c lecting" and/ or "powering dsvrn" 
the 6c vies . Th« TicxSelcct"™ options tirr; 
on tire fa i lowing psccc. 
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QLUO'-. DIAGRAM 




CK2 
CS1 > 



Chip uc'b^tE (CS1, u=2; b re prDcrarrrr.Ebl e rctive Id*, ertivr high Dr cfcin't 



PS1CC1 ?S-2 



CPS-40149 REV 



C~ (Pin T>) Hher, rr C(025 high, ths device will putarr.Hti^) ly po-.^r ciown urri r««cin in « Jew powc 
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Storage Temperature. . . . 
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3K3TRUMCNT 



RO^fiB/CS/C/DL/D 



'Exceed! ng these ratings ccvjld cnune permanent 
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candit; nns is nut implied — operating ranges a:c 
Gpeci f ied in Standard Conditions. Exposure to 
EDsolute raaximu- rating conditions far Esrt.cndf.:d 
periods may affect device rcli^itili 

Dste labeled "typical" is presented for design 
nuidance only nnd is not guF.rantced- 
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